It is known that metallurgical works try to decrease their expenses for consumption of raw materials and power sources, to optimize operation of heating furnaces and rolling mills -in order to increase competitiveness of finished rolled products. Each production stage has its own way to solve such problems. Saving of power resources is one of the main methods for cutting iron cost in blast furnace practice [1] . It seems that essential reserves exist in this direction, based on the fact that at present time about 80% of coke manufactured for blast furnaces is suitable in its coarseness. These reserves can be realized e.g. via introduction of fine coke fractions in the composition of iron ore part of charge material for blast furnaces [2] [3] [4] [5] . Usage of non-conditional coke for blast furnace melting has both positive and negative features. From one side, its introduction in the iron ore mixture (containing sinter and pellets) can improve gas permeability of charge [6] [7] [8] and intensify the reduction processes if iron oxides [9] [10] [11] , but from other side, it has negative effect on permeability of coke packing in the furnace hearth [12] [13] [14] , what can be explained by its not complete consumption before the hearth. It is demonstrated especially clear in the furnaces equipped with tray-type compact bellless top (BLT) that can't always provide uniform charge composition around the top throat [15] [16] [17] . In its turn, this fact causes excess of some components (i.e. coke nut) in its several sectors and its lack in other areas [18, 19] .
Challenge problem
It is known that metallurgical works try to decrease their expenses for consumption of raw materials and power sources, to optimize operation of heating furnaces and rolling mills -in order to increase competitiveness of finished rolled products. Each production stage has its own way to solve such problems. Saving of power resources is one of the main methods for cutting iron cost in blast furnace practice [1] . It seems that essential reserves exist in this direction, based on the fact that at present time about 80% of coke manufactured for blast furnaces is suitable in its coarseness. These reserves can be realized e.g. via introduction of fine coke fractions in the composition of iron ore part of charge material for blast furnaces [2] [3] [4] [5] . Usage of non-conditional coke for blast furnace melting has both positive and negative features. From one side, its introduction in the iron ore mixture (containing sinter and pellets) can improve gas permeability of charge [6] [7] [8] and intensify the reduction processes if iron oxides [9] [10] [11] , but from other side, it has negative effect on permeability of coke packing in the furnace hearth [12] [13] [14] , what can be explained by its not complete consumption before the hearth. It is demonstrated especially clear in the furnaces equipped with tray-type compact bellless top (BLT) that can't always provide uniform charge composition around the top throat [15] [16] [17] . In its turn, this fact causes excess of some components (i.e. coke nut) in its several sectors and its lack in other areas [18, 19] .
In this connection, development of the procedure of nut usage in the furnaces equipped with tray-type compact bell-less top is a rather actual problem for iron making. This procedure will exclude coke nut negative effects on operation processes, including on coke packing filtrating ability in the hearth.
Methods
The paper examines variation of blast furnace operating parameters during and after introduction of coke nut in the composition of iron ore part of charge material in the blast furnaces with volume 1370 and 2014 m 3 , quipped with tray-type compact bell-less top at Magnitogorsk Iron and Steel Works. For this purpose three pair periods have been investigated. It is shown that coke nut was not used during the basic periods I, III and V, while during the pilot periods II, IV and VI its consumption was varied in the range 10.9-12.8 kg per ton of got metal (see table 1 ).
Operating parameters of the blast furnaces A and C have been examined during their operation with top limiting area by its gas dynamics and it allowed to evaluate the effect of coke nut involvement in charge. Operating parameters of the blast furnace B during periods III and IV have been compared and revealed the effect of coke nut on blast furnace melting in the conditions of gas dynamics limiting in its bottom part.
Coke nut charging at the blast furnaces with volume 1370 m 3 has been conducted in a medium ore skip that is noted as P op in the charging matrix (see tables 2 and 3). These blast furnaces are operating in the conditions of bottom and top areas determining by their gas dynamics. Parameters of gas dynamic conditions, fuel burning, iron reduction from FeO using different reducing agents, furnace thermal operation and hearth drainage capacity are analyzed. Introduction of coke nut in the iron ore part of charge material has increased its equivalent surface coarseness and thereby improved its gas permeability. It is shown that blast furnaces operating with the top area determining by gas dynamics are characterized by decrease of charge resistance coefficient on top throat by 7.1%. Each 10 kg of coke nut on 1 t of hot metal allowed to add 400 m 3 /h of natural gas without arise of difficulties of a furnace operation. It accompanied by rise of heat exchange intensity for the temperatures below 850 °C, by increase of Fe reduction degree from FeO by hydrogen and by rise of its usage degree. The maximal increase of technical and economical melting parameters has been observed for the furnace with volume 2014 m 3 . Lowering of specific coke consumption (both actual and adduced to the equal conditions) made 0,76 and 0.88 kg per 1 kg of coke nut respectively. Usage of coke nut in the furnace operating with bottom limiting area by its gas dynamics was characterized by the negative nut effect on filtrating ability of coke packing in the furnace hearth. Introduction of 12.8 kg of nut per 1 t of hot metal has accompanied by increase of the amount of slag remaining in the furnace from 7 to 9 m 3 , by enlargement of the time interval between the beginning of hot metal tapping and slag appearance from 9.5 to 8.4 min and by toughness rise from 0.40 to 0.45 Pa·s.
been charged in inversed order. Therefore, the conditions for certain mixing of sinter and coke nut have been created.
Outloading of materials from charging hopper BLT into top throat space of the furnaces with volume 2014 m 3 has been conducted in the amount of 3 skips during 9 rounds. Coke nut has been located in the middle of this volume, what has been provided by its taking in the second ore skip noted as P op in the matrix (see table 4) .
Coarseness values of coke nut (equivalent by surface and average-weighted) made in average 21.5 and 22.0 mm respectively. Coarseness of iron ore materials is presented in the table 5. As a result, introduction of coke nut in sinter and pellets allowed to improve charge gas permeability in the top part of the furnace. 
Results and discussion
The most favourable variation of technological processes has been observed at the furnaces A and C, operating with excessive tension of force interaction between charge and gas flows in the top part of the furnaces. It is explained by coke nut involvement that has decreased charge resistance coefficient in this area. This decrease made 7.1% rel. for the furnaces A and C (see table 6 ).
The most essential increase of technical and economical melting parameters has been observed at the furnace with volume 2014 m 3 .Lowering of actual and adduced coke consumption made 8.3 and 9.6 kg per ton of hot metal respectively, as a result of positive effect of coke nut on melting parameters.
Lowering of gas dynamic tension in a charge layer that is removed from burden level by 2-6 m, in the blast furnace C operating with top limiting area by its gas dynamics, has allowed to increase blowing consumption by 200 m 3 /min together with increase of natural gas consumption by 7.4 m 3 per ton of hot metal. At the same time intensity for iron ore raw materials rises from 3.744 to 3.988 t/m 3 ·day. The amount of tuyere gas also increase from 1604 to 1655 m 3 per ton of hot metal, and kinetic power of gas-air mixture increase from 111 to 130 KJ/s, what has been accompanied by rise of extension of the loose part of combustion zone by 3.3% rel. (see table 7 ).
Increase of natural gas consumption from 97.4 to 104.8 m 3 per ton of hot metal during the period VI in comparison with the period V provided rise of hydrogen content in tuyere gas from 13.9 to 14.3% at the constant CO content (see table 7 ). It has been also accompanied by increase of Fe reduction degree from FeO by hydrogen and by increase of its application degree (see table 8 ).
Usage of coke nut in the blast furnaces operating with top determining area by its gas dynamics has been accompanied with rise of heat exchange intensity in the area with temperatures below 850 °С and its decrease in the area with temperatures above 850 °С (see table 9 ).
Involvement of coke nut in composition of charge material for the blast furnace B, operating with bottom limiting area by force interaction between charge and gas flows, was less efficient in the period IV, in comparison with its usage in the blast furnaces A and C in the periods II and VI respectively. This tendency has been observed in spite of lowering of charge resistance coefficient and rise of heat exchange intensity in the top part of the blast furnace (in the period IV comparing with the period III). It was a result of determining effect of coke nut consumption on draining capacity of coke packing in the furnace hearth (see table 10 ). Increase of slag amount being left in the furnace from 7 m 3 after pilot melts in comparison with 9 m 3 during the basic period, as well as decrease of time period since tapping beginning till slag appearance by 1 min have testified about worsening of coke filtering ability in the furnace hearth.
Conclusions
The conditions of coke nut usage in the blast furnaces equipped with compact tray-type bell-less top are revealed; they exclude its negative effect on operation processes.
Direct and indirect influence of coke nut on operating parameters of a blast furnace is established. Charging the coke containing of 10-25 mm fractions in the blast furnace at Magnitogorsk Iron and Steel Works has created favourable conditions for lowering of coke consumption via rise of natural gas consumption. Increase of gas consumption by 400 m 3 /h for each 10 kg of coke nut per ton of hot metal has been conducted without any complication of the gas dynamic operating procedure of the furnace, and thereby additional decrease of skip coke consumption by 1.7 kg per ton of hot metal has been obtained.
The effect of coke nut on operating parameters of the blast furnace has depended on location of the area determining by its gas dynamics. Involvement of 11.6 kg of coke nut per ton of hot metal in charge composition of the blast furnaces, operating with the top determining area of force interaction between charge and gas flows, was accompanied by its efficient usage and stable hearth operation. The coefficient of charge resistance to gas flow motion in the top part of the furnace has decreased during the pilot periods by 7.1 %. Specific coke consumption has decreased by 9.4 kg per ton of hot metal.
Usage of 12.8 kg of coke nut per ton of hot metal in the blast furnace at Magnitogorsk Iron and Steel Works, operating with bottom limiting area by its gas dynamics, was restricted by lowering of filtering capacity of coke packing. Amount of slag being left in the furnace after hot metal tapping increased from 7 to 8 m 3 , time period since tapping beginning till slag appearance decreased from 9.5 to 8.4 min, while its toughness enlarged from 0.40 to 0.45 Pа·s. Decrease of specific coke consumption made 7.6 kg per ton of hot metal. Improvement of gas dynamic and hydrodynamic conditions in the determining areas allows to rise efficiency of coke nut usage. 
